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(57) ABSTRACT 

A method and apparatus for detecting cardiac events. Ultra 
Sonic data comprising a heart cycle is acquired by a probe. 
TiSSue Velocities associated with the ultrasonic data are 
detected. One of a maximum and a minimum value is 
detected based on the tissue velocities. A time within the 
heart cycle associated with the maximum or minimum value 
is determined, and a cardiac event is detected with respect to 
the time within the heart cycle and the maximum or mini 
mum value. 
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METHOD AND APPARATUS FOR DETECTING 
CARDIAC EVENTS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The application relates to and claims priority from 
provisional patent application Ser. No. 60/604,161, titled 
“Method and Apparatus for Detecting Atrial Valve Closure', 
filed Aug. 24, 2004, the complete subject matter of which is 
expressly hereby incorporated herein in its entirety. 

BACKGROUND OF THE INVENTION 

0002 This invention relates generally to detecting car 
diac events, and more particularly, to detecting the closure of 
the aortic valve. 

0003) To evaluate events in specific parts of the cardiac 
cycle, information about the transitions between the phases 
is important. Aortic valve closure (AVC) is an important 
event in the time cycle of the left Ventricle, marking the 
transition from end of ejection to start of diastole. Several 
methods for determining the timing of AVC exist. Echocar 
diographic methods include parasternal M-mode of the 
aortic valve and pulsed/continuous Doppler of the blood 
flow through the aortic valve. Other methods include phono 
cardiography of the Second heart Sound and empirical 
regression formulas based on heart rate. 
0004 Echocardiographic recordings from the apical posi 
tion provide most tissue Doppler information used in analy 
sis, while the echocardiographic methods for determining 
the timing of AVC usually use other views or recording 
modalities, hence giving timing information in Separate 
heart cycles. The heart rate varies from cycle to cycle, and 
with this heart rate variability the relation between systole 
and diastole changes, thus changing the timing of the AVC 
relative to the heart cycle. 
0005 Therefore, a need exists for method and apparatus 
for determining AVC directly, using apical views from the 
Same heart cycle as used in analysis. Certain embodiments 
of the present invention are intended to meet these needs and 
other objectives that will become apparent from the descrip 
tion and drawings Set forth below. 

BRIEF DESCRIPTION OF THE INVENTION 

0006. A method for detecting cardiac events comprises 
acquiring ultraSonic data comprising a heart cycle. Tissue 
Velocities are detected associated with the ultraSonic data. A 
value based on the tissue velocities is detected. The value is 
one of a maximum value and a minimum value. A time 
associated with the value is identified within the heart cycle. 
A cardiac event is detected with respect to the value and the 
time. 

0007 An apparatus for detecting cardiac events com 
prises an ultraSonic probe for transmitting and receiving 
ultraSonic data. An ECG device acquires ECG data associ 
ated with the ultraSonic data. A signal processor processes 
the ultraSonic data and detects one of a maximum and 
minimum value based on tissue Velocities associated with 
the ultraSonic data. The Signal processor identifies a time 
asSociated with one of the maximum and minimum value 
and detects a cardiac event with respect to the time and the 
value. 
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0008. A method for detecting cardiac events comprises 
acquiring ultraSonic data comprising a heart cycle. A first 
maximum or minimum value is detected based on tissue 
Velocities associated with the ultrasonic data. A Search 
interval comprising a portion of the heart cycle is located 
based on the first maximum or minimum value. A Second 
maximum or minimum value is detected based on the tissue 
Velocities within the Search interval. The Second maximum 
or minimum value is used to detect a cardiac event. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 FIG. 1 illustrates a block diagram of an ultrasound 
System formed in accordance with an embodiment of the 
present invention. 
0010 FIG. 2 illustrates multiple waveforms representing 
different activities over time during a heart cycle in accor 
dance with an embodiment of the present invention. 
0011 FIG. 3 illustrates TDI velocity and acceleration 
graphs of the left Ventricle based on apical images in 
accordance with an embodiment of the present invention. 
0012 FIG. 4 illustrates a method for detecting AVC 
using TDI data from apical views in accordance with an 
embodiment of the present invention. 
0013 FIG. 5 illustrates a method for detecting the E 
wave in accordance with an embodiment of the present 
invention. 

0014 FIG. 6 illustrates a method for detecting a candi 
date MVO value using Spatial and temporal Searching in 
accordance with an embodiment of the present invention. 
0.015 FIG. 7 illustrates a method for searching for AVC 
in accordance with an embodiment of the present invention. 
0016 FIG. 8 illustrates a frame of apical TDI ultrasonic 
data acquired during a heart cycle in accordance with an 
embodiment of the present invention. 
0017 FIG. 9 illustrates velocity/time graph and associ 
ated interval graph in accordance with an embodiment of the 
present invention. 
0018 FIG. 10 illustrates velocity/time graph and associ 
ated interval graph in accordance with an embodiment of the 
present invention. 
0019 FIG. 11 illustrates TDI velocity graphs based on 
apical views in accordance with an embodiment of the 
present invention. 
0020. The foregoing summary, as well as the following 
detailed description of certain embodiments of the present 
invention, will be better understood when read in conjunc 
tion with the appended drawings. It should be understood 
that the present invention is not limited to the arrangements 
and instrumentality shown in the attached drawings. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0021 FIG. 1 illustrates a block diagram of an ultrasound 
system 100 formed in accordance with an embodiment of 
the present invention. The ultrasound system 100 includes a 
transmitter 102 which drives transducers 104 within a probe 
106 to emit pulsed ultrasonic signals into a body. A variety 
of geometries may be used. The ultraSonic signals are 
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back-scattered from structures in the body, like blood cells 
or muscular tissue, to produce echoes which return to the 
transducers 104. The echoes are received by a receiver 108. 
The received echoes are passed through a beam former 110, 
which performs beam forming and outputs an RF signal. The 
RF signal then passes through an RF processor 112. Alter 
natively, the RF processor 112 may include a complex 
demodulator (not shown) that demodulates the RF signal to 
form IQ data pairs representative of the echo signals. The RF 
or IQ signal data may then be routed directly to RF/IO buffer 
114 for temporary storage. A user input 120 may be used to 
input patient data, Scan parameters, a change of Scan mode, 
and the like. 

0022. The ultrasound system 100 also includes a signal 
processor 116 to process the acquired ultrasound informa 
tion (i.e., RF signal data or IQ data pairs) and prepare frames 
of ultrasound information for display on display system 118. 
The Signal processor 116 is adapted to perform one or more 
processing operations according to a plurality of Selectable 
ultrasound modalities on the acquired ultrasound informa 
tion. Acquired ultrasound information may be processed in 
real-time during a Scanning Session as the echo Signals are 
received. Additionally or alternatively, the ultrasound infor 
mation may be stored temporarily in RF/IO buffer 114 
during a Scanning Session and processed in less than real 
time in a live or off-line operation. 
0023 The ultrasound system 100 may continuously 
acquire ultrasound information at a frame rate that exceeds 
50 frames per Second-the approximate perception rate of 
the human eye. The acquired ultrasound information is 
displayed on the display System 118 at a slower frame-rate. 
An image buffer 122 is included for Storing processed 
frames of acquired ultrasound information that are not 
Scheduled to be displayed immediately. The image frames 
may be stored as data sets. Preferably, the image buffer 122 
is of Sufficient capacity to Store at least Several Seconds 
worth of frames of ultrasound information. The frames of 
ultrasound information are Stored in a manner to facilitate 
retrieval thereof according to its order or time of acquisition. 
The image buffer 122 may comprise any known data Storage 
medium. Additional data may be acquired Such as ECG data 
from a patient via multiple leads through an ECG device 
124. ECG data is often acquired simultaneously with ultra 
Sonic data. 

0024 FIG. 2 illustrates multiple waveforms representing 
different activities over time 172 during a heart cycle in 
accordance with an embodiment of the present invention. An 
aortic pressure waveform 174, an atrial pressure waveform 
176, and a ventricular pressure waveform 178 are illustrated. 
The aortic, atrial and ventricular pressure waveforms 174, 
176 and 178 represent a measure of the blood pressure. An 
aortic valve waveform 180 and mitral valve waveform 182 
indicate the opening and closing of the respective valves 
over time 172. Heart sounds 184, as recorded by phonocar 
diography, are illustrated for reference only as first Sound 
186 and second Sound 188. An ECG trace 152, as recorded 
by ECG device 124, is also illustrated. 
0.025 The heart cycle is divided into different phases 
defined by the opening and closure of the mitral and aortic 
Valves, which may also be referred to as cardiac events. Left 
ventricular contraction starts roughly at the start of QRS 
complex 150 on the ECG 152, which represents the elec 
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trical activation of the ventricles. Mitral valve closure 
(MVC) 154 marks the end of diastolic filling period (DFP) 
190, and the start of isovolumic contraction (IVC) 156. 
MVC 154 is illustrated at two different locations on FIG. 2. 
Aortic valve opening (AVO) 158 marks the end of IVC 156 
and the start of the ejection period (EP) 160. Aortic valve 
closure (AVC) 162 marks the end of EP 160 and the start of 
isovolumic relaxation (IVR) 164. IVR 164 ends with mitral 
valve opening (MVO) 166, marking the start of the DFP 
190. The DFP 190 has three phases, early filling (E wave) 
168 due to continuing ventricular relaxation, a purely pas 
sive flow phase called diastasis 192, and late filling due to 
atrial contraction (A wave) 170. 
0026. The QRS complex 150 starts close to the same time 
as MVC 154, and may start shortly before or shortly after 
MVC 154. The detection of the first part of the QRS 
complex 150 is dependent on the position of the electrode on 
the chest. The leading edge of the R-peak can be used as a 
rough reference point for the Start of the contraction cycle. 
0027 Ultrasound tissue Doppler imaging (TDI) uses the 
Doppler effect to measure tissue Velocities. The Velocities 
are presented in a two-dimensional color image Similar to 
Doppler color flow imaging (CFI); however, a higher frame 
rate is possible with TDI compared with CFI. For example, 
TDI frame rates of 160 frames/second acquired and dis 
played simultaneously with gray Scale images at 40 frameS/ 
Second for apical images covering the entire left ventricle 
are achievable. Thus, the AVC 162 may be manually 
detected in the entire base of the left ventricle using apical 
views (four-chamber, two-chamber and long-axis views), as 
described in patent application Ser. No. 10/796,834, titled 
“Trigger Extraction from Ultrasound Doppler Signals', filed 
Mar. 9, 2004, the complete subject matter of which is 
expressly hereby incorporated herein in its entirety. 
0028 FIG. 3 illustrates TDI velocity and acceleration 
graphs 400 and 402 of the left ventricle based on apical 
images in accordance with an embodiment of the present 
invention. Referring to velocity curve 406 of the velocity 
graph 400 and FIG. 2, the normal tissue velocities of the left 
Ventricle as measured by TDI are roughly positive during 
IVC 156 and EP 160, negative during E wave 168 and A 
wave 170, while being close to zero during diastasis 190. 
0029. With TDI it is possible to capture and extract the 
quantitative Velocities used in a tissue Doppler image at each 
point in the image at each time step. The TDI velocity of a 
tissue Sample represents the Velocity of the tissue in the 
direction of the ultrasound beam. Abrupt changes in the 
directions of tissue motion, Such as AVC 162, are visible 
using TDI. AS the open aortic valve Suddenly closes, the 
aortic valve causes a brief motion towards the apically 
positioned probe 106. Velocities towards the probe 106 are 
defined positive, and thus the aortic valve closure results in 
positive acceleration. In Velocity/time curves from basal 
segments this can be seen by the onset of the IVR 164 
typically having positive acceleration as illustrated in FIG. 
3 as the velocity curve 406 rises at approximately point 414. 
Referring also to the acceleration curve 408 of the accel 
eration graph 402, the mitral valve opens between the point 
of AVC 410 and E wave minimum value 412. 

0030 FIG. 4 illustrates a method for detecting AVC 162 
using TDI data from apical views in accordance with an 
embodiment of the present invention. FIGS. 5, 6 and 7 
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illustrate detailed steps within the method of FIG. 4. FIG. 
5 illustrates a method for detecting the E wave 168 in 
accordance with an embodiment of the present invention. 
FIG. 6 illustrates a method for detecting a candidate MVO 
value using Spatial and temporal Searching in accordance 
with an embodiment of the present invention. FIG. 7 
illustrates a method for searching for AVC 162 in accordance 
with an embodiment of the present invention. 
0.031) Some steps within the method may be fully auto 
mated while other StepS may require input from the user via 
user input 120. The mitral valve has leaflets which attach to 
a mitral ring between the left atrium and the left ventricle. 
The method utilizes the motion of points identified on the 
mitral ring which can be located in all apical views. Mitral 
ring points produce Strong echoes and move significantly 
during the cardiac cycle. Therefore, Velocity/time curves 
from tracked mitral ring points are robust with respect to 
noise and contain large Velocity values compared to other 
parts of the heart within the ultrasound image. 
0032. In step 200, the ultrasound system 100 acquires 
patient cardiac data over one or more heart cycles using the 
probe 106. Patient cardiac data may comprise apical views 
of ultraSonic data acquired using TDI. Simultaneously, the 
ultrasound system 100 may acquire ECG data of the 
patient's heart cycles through the ECG device 124. The 
patient cardiac data is Saved to the buffer 114 for processing 
by the Signal processor 116. The patient cardiac data may be 
processed immediately or after a patient has left the exami 
nation. 

0033 FIG. 8 illustrates a frame 500 of apical TDI 
ultraSonic data acquired during a heart cycle in accordance 
with an embodiment of the present invention. The frame 500 
is displayed on the display system 118 and the user input 120 
may be used to Scroll through all or a portion of the acquired 
frames of data prior to Selecting the desired frame. An ECG 
trace 512 may be illustrated on the frame 500. A marker 514 
on the ECG trace 512 indicates where frame 500 is located 
within the heart cycle. 
0034 Returning to FIG. 4, flow passes to step 202 if the 
user is going to input data. In Step 202, the user Selects two 
mitral ring points 516 and 518 on the frame 500 of TDI 
ultraSonic data using the user input 120. 
0035) In step 204, the signal processor 116 tracks the 
movement of the mitral ring points 516 and 518 through one 
cardiac cycle. By way of example only, the Signal processor 
116 may utilize a speckle tracking algorithm (of B-mode 
images), tissue Doppler, or other method to track the mitral 
ring points 516 and 518. It should be understood that cardiac 
landmarks other than the mitral ring points 516 and 518 may 
be identified and tracked throughout the heart cycle. 
0.036 Returning to step 200, if the two mitral ring points 
516 and 518 are to be automatically detected, flow passes to 
step 206. In step 206, the signal processor 116 detects the 
two mitral ring points 516 and 518 and tracks the movement 
of the two mitral ring points 516 and 518 through one 
cardiac cycle using a mitral ring detector algorithm. (Torp, 
et al.) 
0037. The method flows from steps 204 and 206 to step 
208. In step 208, the signal processor 116 extracts TDI 
Velocity/time curves originating from the mitral ring points 
516 and 518. 
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0038 FIG. 9 illustrates velocity/time graph 304 and 
asSociated interval graph 306 in accordance with an embodi 
ment of the present invention. The TDI velocity/time curves 
extracted in step 208 are illustrated as first velocity/time 
curve 300 and second velocity/time curve 302. 
0039. In step 210, the signal processor 116 detects the E 
wave 168 (FIG. 2). The method to detect the E wave 168 is 
illustrated in FIG. 5. By detecting the E wave 168, a more 
robust AVC 162 detection may be accomplished. It should 
be understood that other methods may be used to detect the 
E wave 168. 

0040 Turning to FIG. 9, the E wave 168 is represented 
in the first and second velocity/time curves 300 and 302 of 
the mitral ring points 516 and 518 as a rather large negative 
dip over a time period 336. Following the E wave dip, a 
Second negative dip Over a time period 338 representing the 
A wave 170 can be seen if the A wave 170 is present within 
the heart cycle. The time periods 336 and 338 are provided 
as reference only, and are not used to indicate the precise 
positioning of the E wave 168 and A wave 170. 
0041 Turning to FIG. 5, in step 250, the signal processor 
116 calculates averaged velocity/time curve 308 (FIG.9) by 
averaging the first velocity/time curve 300 and the second 
velocity/time curve 302. By averaging the first and second 
velocity/time curves 300 and 302, a potential case where the 
E wave 168 is visible in only one of the first and second 
velocity/time curves 300 and 302 is avoided. 
0042. In step 252, the signal processor 116 identifies a 
peak negative Velocity value 312 on the averaged Velocity/ 
time curve 308. In step 254, the signal processor 116 
calculates a threshold value V.N. The threshold value V is 
illustrated as threshold 310, a horizontal line on the velocity/ 
time graph 304. For example, the threshold value VN may be 
10 percent of the peak negative velocity value 312. It should 
be understood that other values of the threshold value VN 
may be used. Therefore, if the averaged Velocity/time curve 
308 does not rise above Zero between the E wave 168 and 
the A wave 170, a potential case in which two intervals are 
detected as a Single interval may be avoided. 
0043. In step 256, the signal processor 116 detects inter 
vals of the averaged velocity/time curve 308 which are 
below the threshold 310. The interval graph 306 illustrates 
intervals 316, 318, 320, 322 and 324. 

0044) In step 258, the signal processor 116 calculates a 
threshold T314 for discarding early intervals. For example, 
the threshold T 314 may be calculated as 14 percent of the 
total heart cycle length and is illustrated as a vertical line on 
FIG. 9. Detected intervals near ORS 150 of the ECG trace 
152 correspond to events in the IVC 156, or early systolic 
phase, and are not needed for the identification of the E wave 
168. Therefore, intervals 316 and 318, which occur prior to 
the threshold T 314, are discarded. 
0045. In step 260, the signal processor 116 calculates 
lengths in time of the intervals 320, 322 and 324. The 
lengths in time 326, 328 and 330 correspond to intervals 
320, 322 and 324, respectively. 
0046. In step 262, the signal processor 116 compares the 
lengths in time 326, 328 and 330 to a threshold for interval 
length, interval threshold T. By way of example only, the 
interval threshold T may be 0.065 seconds. Therefore, 
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length in time 326 is less than the interval threshold T and 
is discarded. Lengths in time 328 and 330 are both greater 
than the interval threshold T. 
0047. If two of the lengths in time 328 and 330 are greater 
than the interval threshold T, flow passes to step 264. In 
step 264, the signal processor 116 identifies the interval 
which occurs first in time as the E wave interval. Thus, in 
FIG. 9, the interval 322 is identified as the E wave interval 
and the interval 324 is identified as the A wave interval. 

0.048 Returning to step 262, if none of the lengths in time 
326, 328 and 330 are greater than the interval threshold T, 
flow passes to step 266. In step 266, the signal processor 116 
identifies the two largest intervals of the lengths in time 326, 
328 and 330. In FIG.9, the two largest intervals are intervals 
322 and 324. 

0049. In step 268, the signal processor 116 calculates a 
late start threshold TA for identifying the A wave 170 when 
the A wave 170 starts late in the heart cycle. By way of 
example only, the late Start threshold TA may be calculated 
as 80 percent of the total heart cycle length. 
0050. In step 270, the signal processor 116 identifies the 
interval 322 or 324 which occurs after the late start threshold 
TA as the A wave interval. Therefore, in step 272, the first 
interval to occur within the heart cycle is identified as the E 
wave interval. Thus, interval 322 is identified as the E wave 
interval and interval 324 is identified as the A wave interval. 

0051 Returning to step 262, if only one interval 322 and 
324 exceeds the interval threshold T, flow passes to step 
274. 52FIG. 10 illustrates velocity/time graph 356 and 
associated interval graph 358 in accordance with an embodi 
ment of the present invention. The interval graph has a Single 
interval 350 which exceeds the interval threshold T. 
Returning to FIG. 5, in step 274 the signal processor 116 
compares the interval 350 to a dividing threshold T. For 
example, the dividing threshold T may be 0.140 Seconds. 
The interval 350 is longer than the dividing threshold T. 
and flow passes to step 276. 
0.052 In step 276, the signal processor 116 divides the 
interval 350 into two equal parts along the time axis of the 
heart cycle. The first search interval 352 is the E wave 
interval and the second search interval 354 is the A wave 
interval. 

0053) Returning to step 274, if the interval 350 which 
exceeds the interval threshold T is less than the dividing 
threshold T, flow passes to step 278. In step 278, the signal 
processor 116 identifies the interval 350 as the E wave 
interval. There is no A wave 170 present (not shown). For 
example, in patients with higher heart rates, a Single interval 
which is shorter than the dividing threshold T indicates that 
the E and A waves 168 and 170 have been joined into one 
WWC. 

0054) Once the E wave interval and A wave interval (if 
present) are detected in steps 264, 272,276, and 278, flow 
passes from each of these steps to step 280. In step 280, the 
Signal processor 116 identifies a negative peak value within 
the E wave interval and the A wave interval (if present). For 
example, if the interval associated with the E wave 168 was 
identified as interval 322 (FIG.9) having length in time 328, 
the Signal processor 116 Searches the averaged Velocity/time 
curve 308 over the length in time 328 for the negative peak 
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value. The negative peak value is identified in FIG. 9 as E 
wave minimum value 332. If the interval associated with the 
A wave 170 was identified as interval 324 having length in 
time 330, the signal processor 116 searches the averaged 
velocity/time curve 308 over the length in time 330 for the 
negative peak value. The negative peak value is identified as 
A wave minimum value 334. Similarly, in FIG. 10, the 
negative peak value is identified in the first Search interval 
352 as E wave minimum value 360, and the negative peak 
value is identified in the second search interval 354 as A 
wave minimum value 362. 

0055. The method then returns to step 212 of FIG. 4. In 
Step 212, the Signal processor 116 Searches for the timing of 
a candidate MVO value. 

0056 FIG. 11 illustrates TDI velocity graphs 550, 552 
and 554 based on apical views in accordance with an 
embodiment of the present invention. ATDI velocity curve 
556 of values within a region of interest comprising at least 
a part of the mitral valve and scaled ECG 558 are illustrated 
on the TDI velocity graph 550. The location of an E wave 
minimum value 560 has been identified as previously dis 
cussed. The TDI velocity graphs 552 and 554 illustrate 
velocity/time curves 570 and 576 based on left and right 
AVC regions of interest. The regions of interest are defined 
on FIG. 8 and will be further discussed below. 

0057 Turning to FIG. 6, in step 450, the signal processor 
116 sets a temporal search interval in which to search for a 
candidate MVO value. The temporal search interval is 
illustrated by brackets 564 and 566. The bracket 564 indi 
cates the Start of the temporal Search interval, just at or prior 
to the start of the E wave interval, and the bracket 566 
indicates the end of the temporal Search interval at the timing 
of the E wave minimum value 560. The temporal search 
interval covers a period of time during the heart cycle and is 
translated into corresponding frames of the acquired ultra 
Sound data, Such as the frame 500 of FIG. 8. 
0058. In step 452, the signal processor 116 sets a region 
of interest (ROI) 502 defining a region within the frame 500 
for spatial searching for a candidate MVO value. Therefore, 
the ROI 502 defines a Subset of ultrasonic data within the 
frame 500. The MVO 166 is not visible in all areas of the 
frame 500. Therefore, it is not necessary to search the entire 
frame 500 for the candidate MVO value 568. The ROI 502 
should cover the portion of the mitral valve that is opening 
at the time when the mitral valve is opening. Therefore, the 
ROI 502 is defined midway spatially between the tracked 
mitral ring points 516 and 518. The upper edge 504 of the 
ROI 502 is limited to be in the lower % part of the frame 500 
and the lower edge 506 of the ROI 502 is located at the 
deepest position of the tracked mitral ring points 516 and 
518 within the heart cycle. The width of the ROI 502 may 
be based on the width of the ultrasound beam. 

0059. In step 454, the signal processor 116 extracts the 
velocities for all cells within the ROI 502 for all frames 500 
within the time interval of interest of the TDI ultrasonic data, 
as indicated by brackets 564 and 566 on FIG. 11. 
0060. In step 456, the signal processor 116 differentiates 
the extracted Velocities to get the corresponding accelera 
tions. In step 458, the signal processor 116 identifies the 
largest negative acceleration and its associated time within 
the heart cycle for each cell. 



US 2006/0058673 A1 

0061. In step 460, the signal processor 116 identifies the 
cell within the ROI 502 which has the largest negative 
acceleration. The candidate MVO value 568 is illustrated on 
TDI velocity curve 556 and corresponds to the timing of the 
identified cell. Therefore, the candidate MVO value 568 
provides a timing value occurring close to the timing of the 
MVO 166. 

0062) Returning to the method of FIG. 4, in step 214 the 
signal processor 116 searches for the AVC 162 based on the 
timing of the candidate MVO value 568. By having found 
the timing of the candidate MVO value 568, a temporal 
interval for detection of the AVC 162 may be set to avoid 
acceleration values occurring at or after the MVO 166. 
0063 Turning to FIG. 7, in step 600 the signal processor 
116 sets the search interval indicated by brackets 572 and 
574 on the TDI velocity curve 570 (FIG. 11) for the left 
AVC. The signal processor 116 also sets the search interval 
indicated by brackets 578 and 580 on the TDI velocity curve 
576. The start of the AVC search interval, indicated by 
brackets 572 and 578, is set prior to the candidate MVO 
value 568 based on a first calculated percentage, Such as 
22%, of the length of the heart cycle. The end of the AVC 
search interval, indicated by brackets 574 and 580, is set 
prior to the candidate MVO value 568 based on a second 
calculated percentage, Such as 5%, of the length of the heart 
cycle. Thus, if the heart rate is 60 beats per minute, the 
length of the heart cycle would be 1000 milliseconds, and 
the brackets 572 and 578 would be set at 220 ms prior to the 
candidate MVO value 568 and the brackets 574 and 580 
would be set at 50 ms prior to the candidate MVO value 568. 
It should be understood that values other than 22% and 5% 
may be used for the first and Second calculated percentages. 
0.064 Flow passes to step 602 if a spatial search for the 
AVC 162 is to be accomplished. In step 602, the signal 
processor 116 defines a region of interest in Space for each 
of the left and right walls of the left ventricle based on the 
positions of the tracked mitral ring points 516 and 518. Left 
ROI 508 for the left wall and right ROI 510 for the right wall 
are illustrated in FIG.8. The left and right ROIs 508 and 510 
are limited to the lower % part of the frame 500 and are 
based on the maximum movement or displacement of the 
mitral ring points 516 and 518. 
0065. In step 604, the signal processor 116 extracts the 
velocities for all cells within the ROIs 508 and 510 for all 
frames 500 within the time interval of interest of the TDI 
image, indicated by brackets 572 and 574 on TDI velocity 
graph 552 and by brackets 578 and 580 on TDI velocity 
graph 554. 
0.066. In step 606, the signal processor 116 differentiates 
the extracted Velocities to get the corresponding accelera 
tions. In step 608, the signal processor 116 identifies the time 
value and the positive acceleration value of the largest 
positive acceleration for each cell. 
0067. In step 610, the signal processor 116 identifies the 
cell within each of the ROIs 508 and 510 which has the 
largest positive acceleration. The cells thus identify candi 
date points 582 and 584 for the left and right walls respec 
tively, indicating both the Specific spatial location with the 
frame 500 and the time within the heart cycle of the AVC 
162. 

0068 Alternatively, the time estimate for the AVC 162 
may be determined using only the Velocity/time curves of 
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the mitral ring points 516 and 518. Returning to step 600, 
flow passes to Step 612. In Step 612, the Signal processor 116 
extracts the Velocities (not shown) for each of the mitral ring 
points 516 and 518. In step 614, the signal processor 116 
differentiates the extracted velocities of step 612 within the 
time intervals Set in Step 600 to get the corresponding 
accelerations. 

0069. In step 616, the signal processor 116 identifies the 
timing of the largest positive acceleration value for each of 
the left and right walls. The AVC 162 estimates for each wall 
are identified, such as candidate points 528 and 584 of step 
610. 

0070 While the spatial search for the AVC 162 (steps 
600-610) and the mitral ring based search for the AVC 162 
(steps 600, 612-616) may each be conducted as separate 
methods, it is also possible to combine the methods. There 
fore, after each of the methods is complete, flow passes from 
the steps 610 and 616 to step 618. In step 618, if the methods 
are not to be combined, flow returns to step 216 of FIG. 4. 
In step 618, if the methods are to be combined, flow passes 
to step 620. It should be understood that a protocol may be 
established to automatically calculate one or both of the 
methods. Also, the user may be prompted to input a Selection 
defining which of the methods should be used. 
0071. In step 620, the signal processor 116 compares the 
timing between the two estimates of steps 610 and 616. 
Lower variability with the mitral ring based method has 
been found and may be a result that the velocities originating 
from the positions of the mitral ring points 516 and 518 are 
robust, as discussed previously. While this ensures that the 
Velocities do originate from the mitral plane, the mitral plane 
may not be the best location in all cases for detecting AVC 
effects. In comparison, the Spatial Search method Searches in 
more locations, which may be advantageous for Some anato 
mies. 73. In step 622, if the difference between the timing 
estimates of the two methods exceeds 20 ms, the Signal 
processor 116 chooses the mitral ring based AVC timing of 
step 616. If the difference between the timing estimates of 
the two methods is less than or equal to 20 ms, the Signal 
processor 116 chooses the Spatial Search based AVC timing 
of step 610. Flow then returns to step 216 of FIG. 4. It 
should be understood that values other than 20 ms may be 
used to compare the differences between the timing esti 
mateS. 

0072 Returning to FIG. 4, in step 216 data is displayed 
on the display system 118 for review by a user. For example, 
the frame 500 of FIG.8 may be displayed. ROIs 502,508 
and 510 are displayed along with the mitral ring points 516 
and 518. The spatial locations of detected left AVC 520 and 
detected right AVC 522 are illustrated along with detected 
candidate MVO value 524. Lines, boxes, or other markings 
may used as an overlay to indicate the ROIs 502, 508 and 
510, mitral ring points 516 and 518, and the detected left 
AVC 520, detected right AVC 522, and detected candidate 
MVO value 524. The overlay may remain displayed on the 
display System 118 and Stationary in contrast to the ultra 
Sonic data which experiences movement while the user 
cycles through and reviews multiple frames. By way of 
example only, the frame 500 is the frame in time where the 
right AVC is detected. 
0073. By reviewing the ultrasonic data, overlays, curves, 
plots, and the like, the user may evaluate the Success of the 
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methods previously discussed. For example, failure of the 
automatic detection of the mitral ring points 516 and 518 
may be identified by a user on the display system 118 if the 
mitral ring points 516 and 518 are more than 1 centimeter 
from the correct position. The performance of E wave 168 
detection can be evaluated by Viewing Velocity/time curves 
Such as in FIG. 9. The detection of the candidate MVO value 
524 may be evaluated by viewing plots such as in FIGS. 8 
and 11. 

0.074. A protocol may be programmed to provide both the 
left and right AVC estimates to the user. Alternatively, only 
one estimate may be provided, such as the left AVC. 
Optionally, the user may select the estimate from the left 
ventricle wall which is closest to the aortic valve when 
viewing the data on the display system 118. 

0075. Therefore, the aforementioned method and appa 
ratus may be used to automatically or Semi-automatically 
detect cardiac events and the timing of the intervals of the 
heart within the same heart cycle. When cardiac events and 
timing intervals are automatically detected, automatic or 
Semi-automated analysis and diagnosis of patient data may 
be accomplished. Furthermore, once a first cardiac event is 
found, additional cardiac events can be located based on the 
first cardiac event. When cardiac events such as AVO 158 
and AVC 162 are automatically detected, the search interval 
for Secondary parameters may be set automatically and 
much more accurately than currently used regression for 
mulas. Examples of such secondary parameters are time-to 
peak-Velocity as used in tissue synchronicity imaging (TSI), 
and Systolic displacement, which is also referred to as tissue 
tracking (TT). Other uses of the automatic AVC 162 detec 
tion are when calculating end-Systolic Strain values, post 
systolic strain index, and IVR/ES strain index, all of which 
require an accurate definition of end-systole (AVC 162). 

0076 While the invention has been described in terms of 
various specific embodiments, those skilled in the art will 
recognize that the invention can be practiced with modifi 
cation within the Spirit and Scope of the claims. 

What is claimed is: 

1. A method for detecting cardiac events, comprising: 

acquiring ultraSonic data comprising a heart cycle; 

detecting tissue Velocities associated with Said ultrasonic 
data; 

detecting a value based on Said tissue Velocities, Said 
value being one of a maximum value and a minimum 
value; and 

identifying a time within Said heart cycle associated with 
Said value, a cardiac event being detected with respect 
to Said value and Said time. 

2. The method of claim 1, wherein said cardiac event 
further comprising one of a mitral valve opening, a mitral 
Valve closing, an aortic valve opening, and an aortic valve 
closing. 

3. The method of claim 1, wherein Said detecting tissue 
Velocities Step is based on one of tissue Doppler information 
and Speckle tracking of ultraSonic B-mode images. 
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4. The method of claim 1, further comprising: 
defining a region of interest comprising a Subset of Said 

ultrasonic data; and 
detecting Said value within Said region of interest. 
5. The method of claim 1, further comprising: 
detecting a cardiac landmark, Said cardiac landmark being 

identified by one of an automatic Search detection and 
a user input, and 

defining a region of interest comprising a Subset of Said 
ultrasonic data, Said region of interest being located 
with respect to Said cardiac landmark, Said value being 
detected within Said region of interest. 

6. The method of claim 1, said ultrasonic data further 
comprising data indicative of a mitral ring, Said method 
further comprising: 

detecting at least one point on Said mitral ring, and 
defining a region of interest comprising a Subset of Said 

ultrasonic data, Said region of interest being located 
with respect to Said mitral ring, said value being 
detected within Said region of interest. 

7. The method of claim 1, further comprising: 
identifying a temporal Search interval based on Said value; 
identifying a maximum acceleration value based on Said 

tissue Velocities of Said ultraSonic data within Said 
temporal search interval, said maximum acceleration 
value being one of a largest positive value and a largest 
negative value; and 

detecting a Second cardiac event based on Said maximum 
acceleration value. 

8. The method of claim 1, further comprising: 
identifying a temporal Search interval based on Said value, 

Said value being indicative of one of an ECG wave, an 
E wave interval and an A wave interval; 

identifying a maximum acceleration value based on Said 
tissue Velocity of Said ultraSonic data within Said tem 
poral Search interval, Said maximum acceleration value 
being one of a largest positive value and a largest 
negative value; and 

detecting a Second cardiac event based on Said maximum 
acceleration value. 

9. An apparatus for detecting cardiac events, comprising: 
an ultraSonic probe for transmitting and receiving ultra 

Sonic data; 

an ECG device for acquiring ECG data associated with 
Said ultraSonic data; 

a signal processor for processing Said ultrasonic data, Said 
Signal processor detecting one of a maximum and 
minimum value based on tissue Velocities associated 
with Said ultraSonic data, Said Signal processor identi 
fying a time associated with Said one of a maximum 
and minimum value, Said Signal processor detecting a 
cardiac event with respect to Said time and Said one of 
a maximum and minimum value; and 

a display for displaying at least one of Said ultraSonic data 
and said ECG data. 
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10. The apparatus of claim 9, further comprising a user 
input for defining a point within Said ultrasonic data, Said 
one of a maximum and minimum value being detected based 
on Said point. 

11. The apparatus of claim 9, further comprising: 
Said probe further comprising acquiring Said ultrasonic 

data over a heart cycle; and 
Said Signal processor further comprising defining a point 

of interest within Said ultrasonic data and tracking Said 
point of interest over Said heart cycle, Said Signal 
processor extracting Said tissue Velocities based on Said 
point of interest. 

12. The apparatus of claim 9, further comprising: 
Said probe further comprising acquiring Said ultrasonic 

data over a heart cycle, Said ultraSonic data comprising 
data indicative of a mitral valve; and 

Said Signal processor further comprising defining a region 
of interest, Said region of interest comprising a Subset 
of ultrasonic data comprising at least a portion of Said 
mitral valve, Said one of a maximum and minimum 
value being based on Said Subset of ultraSonic data. 

13. The apparatus of claim 9, further comprising: 
Said probe further comprising acquiring Said ultrasonic 

data over a heart cycle, Said ultraSonic data comprising 
data indicative of a mitral valve; and 

Said Signal processor identifying a point in time indicative 
of an opening of the mitral valve, Said Signal processor 
identifying a Search interval within Said heart cycle 
being prior to Said point in time, Said cardiac event 
being detected within Said Search interval. 

14. The apparatus of claim 9, further comprising: 
Said probe further comprising acquiring Said ultrasonic 

data over a heart cycle; and 
Said Signal processor identifying one of an E wave and an 
A wave, Said Signal processor Setting a Search interval 
within Said heart cycle prior to one of Said E wave and 
Said Awave, Said Signal processor detecting Said one of 
a maximum and minimum value within Said Search 
interval. 

15. A method for detecting cardiac events, comprising: 
acquiring ultraSonic data comprising a heart cycle; 
detecting a first maximum or minimum value based on 

tissue Velocities associated with Said ultraSonic data; 
locating a Search interval based on Said first maximum or 
minimum value, Said Search interval comprising a 
portion of Said heart cycle; and 

detecting a Second maximum or minimum value based on 
Said tissue Velocities within Said Search interval, Said 
Second maximum or minimum value being used to 
detect a cardiac event. 
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16. The method of claim 15, said method further com 
prising: 

identifying a point of interest associated with a cardiac 
landmark within Said ultraSonic data; 

extracting tissue Velocity data associated with Said point 
of interest within Said Search interval; 

identifying Said Second maximum or minimum value 
based on Said tissue Velocity data; and 

identifying a time associated with Said cardiac event 
based on Said Second maximum or minimum value. 

17. The method of claim 15, further comprising: 

identifying a point of interest associated with a cardiac 
landmark within Said ultraSonic data; 

identifying a region of interest located with respect to Said 
point of interest; 

extracting tissue Velocity data associated with Said region 
of interest within Said Search interval; and 

detecting Said Second maximum or minimum value based 
on Said tissue Velocity data within Said region of 
interest, Said Second maximum or minimum value 
identifying a time and Spatial location of Said cardiac 
eVent. 

18. The method of claim 15, further comprising detecting 
an E wave interval within Said heart cycle, Said first maxi 
mum or minimum value being associated with Said E wave 
interval, Said Search interval being located prior to Said first 
maximum or minimum value within Said heart cycle. 

19. The method of claim 15, further comprising: 

identifying first and Second regions of interest (ROI) 
located with respect to first and Second points of 
interest; 

extracting tissue Velocity data associated with Said first 
and second ROIs within said search interval; and 

detecting a first ROI maximum or minimum value and a 
Second ROI maximum or minimum value based on Said 
tissue velocity data within said first and second ROIs. 

20. The method of claim 15, further comprising: 

calculating at least one of Velocity and acceleration curves 
based on Said tissue Velocities, and, 

detecting a value based on Said curves, Said value being 
one of a maximum positive and a maximum negative 
value, Said value being used to detect a Second cardiac 
eVent. 


